Objective: To investigate the possibility of a different prevalence of subclinical Cushing's syndrome (SCS) and potentially related morbidities between patients with unilateral adrenal incidentalomas (UAI) and bilateral adrenal incidentalomas (BAI), as existing data are few and controversial. Design: Prospective observational study. Methods: Clinical examination, biochemical tests, and hormonal evaluation were performed in 298 consecutive patients with adrenal incidentalomas, unilateral in 224 patients (75.2%), bilateral in 74 patients (24.8%), with apparently benign masses based on imaging characteristics and after exclusion of overt endocrine disease. The diagnosis of SCS was based on a post-dexamethasone suppression test (2 mg dexamethasone/24 h for 48 h), with serum cortisol level R1.8 mg/dl combined with at least one abnormal result of the other hormonal measurements. Results: SCS was diagnosed in 66 out of 298 (22.1%) patients, being more frequent in patients with BAI (35.1 vs 17.9%, PZ0.003, for BAI and UAI respectively). Hypertension, type 2 diabetes mellitus, impaired glucose tolerance, and dyslipidemia were of a similar frequency in both groups. SCS patients with UAI and BAI did not differ in age, gender, BMI, waist circumference, and mass size. Factors related to SCS were the presence of BAI (OR, 3.24; 95% CI, and mass size (OR, 2.63; 95% CI,. Conclusion: BAI patients present more often with SCS when compared with UAI patients; however, morbidities potentially related to subtle cortisol hypersecretion were of a similar frequency in both groups. Further studies are needed to clarify whether this difference in hormonal activity may be related to different pathophysiologies.
Introduction
Incidentally discovered adrenal masses, initially reported in autopsy series, have become an increasingly common clinical problem due to the widespread use and advanced technology of imaging evaluation performed for reasons unrelated to adrenal disease (1) . The prevalence of adrenal incidentalomas (AIs) in the general population varies as shown in autopsy series, although an increased prevalence in women is reported in clinical series, attributed to referral bias (1, 5) .
Given that the definition of adrenal incidentaloma excludes patients undergoing imaging evaluation as part of staging procedure for malignancy, the vast majority of these lesions are benign non-hypersecreting cortical neoplasms. However, a significant percentage of cases present with subclinical hormonal activity, mainly concerning glucocorticoid secretion. Subclinical autonomous cortisol hypersecretion is characterized by subtle alterations of the hypothalamic-pituitary-adrenal axis due to adrenal autonomy in the absence of typical clinical phenotype of hypercortisolism, a disorder that has also been described as subclinical Cushing's syndrome (SCS) (6) . The prevalence of SCS in patients with AIs varies between 5 and 24% in most studies depending on the used biochemical diagnostic criteria (7, 8, 9, 10) , as till now there is no consensus for the diagnostic approach. An increased prevalence of hypertension, diabetes, obesity, osteoporosis, and dyslipidemia has been found in patients with clinically silent AIs, either with normal adrenal function or with SCS (1, 5, 6, 7, 8, 9, 10, 11) , being even higher in patients with SCS, potentially associated with subtle cortisol hypersecretion (6, 7, 8, 11, 12) .
Bilateral adrenal incidentalomas (BAI) are reported in 7.8-15% of all patients (4, 9, 11, 12) , a much higher prevalence than expected from the estimated occurrence of 0.09-1.11% for the coincidence of a single adenoma in both adrenals (13) . Most of these lesions are benign, nonfunctioning cortical neoplasms. Although the etiology and pathogenesis of sporadic adrenal tumors are under research, there are few data suggesting possible pathogenetic differences between unilateral adrenal incidentalomas (UAI) and BAI (13, 14) . Recently, the possibility of a different prevalence in SCS and in clinical characteristics between patients with UAI and BAI has been examined; however, existing data are limited and controversial (15, 16, 17, 18) .
In this prospective study, we investigated subclinical cortisol hypersecretion and possible clinical implications in patients with UAI and BAI, with benign imaging characteristics and without overt hyperfunction, aiming to detect possible differences between the two subsets of patients.
Subjects and methods

Patients
Patients with newly diagnosed AIs with a diameter R1 cm by CT were evaluated in two centers ('Amalia Fleming' General Hospital and 'Red Cross Hospital') from January 2002 to December 2012. None of the patients were on a staging procedure for malignancy or diagnostic investigation for hypertension.
Inclusion criteria were: i) absence of symptoms and signs of overt Cushing's syndrome; ii) absence of conditions related to lack of dexamethasone suppression (depression, alcoholism, renal and hepatic failure, and acute illnesses); iii) no use of medications related to altered dexamethasone or cortisol metabolism; iv) apparently benign incidentalomas on the basis of their CT characteristics, indicating the presence of adrenal adenomas (homogeneous, hypodense masses with an attenuation value of ten Hounsfield Units or less on thin-section unenhanced CT and well-defined margins) -incidentalomas with imaging characteristics of myelolipomas, hemorrhage, and adrenal cysts were excluded; and v) hormonal evaluation excluding congenital adrenal hyperplasia (normal levels of serum 17-hydroxyprogesterone), primary hyperaldosteronism (normal serum aldosterone levels with normal plasma renin activity and normal aldosterone:plasma renin activity ratio), and pheochromocytoma (normal 24-h urinary vanillyl mandelic acid (VMA) and metanephrines).
None of the patients with bilateral incidentalomas had the typical imaging characteristics of adrenocorticotropic hormone (ACTH)-independent macronodular hyperplasia (massively enlarged adrenals with macronodules).
Study protocol
All patients were hospitalized. They underwent clinical examination, routine biochemical tests, and hormonal evaluation. At clinical examination, anthropometric measurements (weight, height, and waist and hip circumference) and blood pressure were recorded. Hormonal evaluation comprised: i) baseline assessment with serum (or plasma) cortisol at 0800 and 2400 h, morning plasma ACTH and serum DHEA-S, and 24-h urinary free cortisol and ii) a low-dose dexamethasone suppression test (LDDST: dexamethasone 0.5 mg orally, every 6 h for 48 h). Non-diabetic patients underwent a 2-h oral glucose tolerance test with 75 g glucose during which glucose levels were measured hourly.
Premenopausal women were studied in the follicular phase of the cycle.
The diagnosis of SCS was based on a post-LDDST (at 08:00, 8 h after the last dose of dexamethasone) with serum (or plasma) cortisol level R1.8 mg/dl (R50 nmol/l) combined with at least one abnormal result of the other hormonal measurements: i) midnight serum (or plasma) cortisol O7.5 mg/dl (O208 nmol/l); ii) morning plasma ACTH !9.0 pg/ml (!2.0 pmol/l); iii) low-for-age serum DHEA-S; and iv) 24-h urinary free cortisol (UFC) O90 mg (O250 nmol), in the absence of clinical signs of cortisol excess.
Patients with a BMI R30 kg/m 2 were defined as obese (19) . Patients with known hypertension receiving antihypertensive treatment and patients with systolic arterial blood pressure of 140 mmHg or more and/or diastolic pressure of 90 mmHg or more were defined as hypertensive (20) . Patients with known type 2 diabetes mellitus receiving antidiabetic treatment and patients with a fasting serum glucose level R126 mg/dl (R7.0 mmol/l) and/or a serum glucose level R200 mg/dl (R11.1 mmol/l) at 2 h after glucose load were defined as diabetics (21) . Patients with a serum glucose level of 140-199 mg/dl (7.8-11.05 mmol/l) at 2 h after glucose challenge were defined as having impaired glucose tolerance (IGT) (21) . Patients with known dyslipidemia receiving hypolipidemic treatment and patients with fasting serum triglyceride levels O150 mg/dl (O1.7 mmol/l) and/or serum total cholesterol levels O200 mg/dl (O5.17 mmol/l), in combination with LDL cholesterol O150 mg/dl (O3.88 mmol/l) or HDL cholesterol !40 mg/dl (!1.04 mmol/l) in men and !50 mg/dl (!1.29 mmol/l) in women, were defined as dyslipidemics (22) . The study protocol was approved by the ethics committee of both hospitals and informed consent was obtained from all patients.
Assays
Hormone measurements were performed with commercially available kits.
Cortisol was measured in plasma from 2002 to 2009 and in serum since 2009 with the same electrochemiluminescence immunoassay (Elecsys/Cobas, Roche diagnostics GmbH) with a reported functional sensitivity of 2.0 nmol/l, lower detection limit of 0.5 nmol/l, and intraand inter-assay coefficient of variation (CV) values of 1.3 and 1.6% respectively. Urinary free cortisol was measured after dichloromethane extraction with the same assay. Plasma ACTH was measured by the immunoradiometric method using two assays: Hematological profile, lipid profile, glucose, creatinine, and liver function tests were determined by routine laboratory methods.
Statistical analysis
Results for continuous variables are expressed as meanGS.D. and for categorical variables as absolute numbers or percentages. Differences in continuous variables between groups were tested using the unpaired t-test or the MannWhitney U test, as appropriate. Differences in categorical variables between groups were tested using the c 2 -test with the Yates Correction or Fisher's exact test, as appropriate. Pearson's correlation was used to explore the association between pairs of continuous variables. Univariate logistic regression analysis was applied to evaluate variables (presence of bilateral incidentalomas and size of the largest lesion) as predictors of the risk for subclinical hypercortisolism in the whole cohort. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS 16.0, Inc.). A P value of !0.05 was considered statistically significant.
Results
A total of 298 consecutive eligible patients with adrenal masses (maximal diameter 1.0-6.8 cm) participated in the study: 91 men and 207 women (49 premenopausal), aged 60G12 years, and with a BMI of 30.2G5.6 kg/m 2 .
Unilateral incidentalomas were encountered in 224 patients (75.2%) and bilateral in 74 patients (24.8%). Three patients with unilateral incidentalomas had two masses on the same adrenal. In these patients and in patients with bilateral incidentalomas, a maximal diameter of the largest mass is reported.
Patients with bilateral and unilateral incidentalomas
Patients with BAI (nZ74) did not differ in clinical characteristics (age, gender, BMI, and waist circumference) and mass size (the maximal diameter of the largest mass) from patients with UAI (nZ224) (2.6G1.0 vs than patients with UAI, while midnight serum cortisol and DHEA-S levels were similar in both groups (Table 1 ).
In both groups of patients, the mass diameter was positively related to post-LDDST cortisol levels (rZ0.594, P!0.001 and rZ0.376, P!0.001 for BAI and UAI respectively) and negatively related to ACTH (rZK0.382, PZ0.001 and rZK0.309, P!0.001).
SCS was diagnosed in 66 out of 298 (22.1%) patients (Table 2 ). All patients had above cut-off post-LDDST cortisol levels, being a prerequisite for the diagnosis, 30 out of 66 (45.5%) patients had below cut-off ACTH levels, 25 out of 62 (40.3%) patients had above cut-off midnight serum cortisol levels, 12 out of 66 (18.2%) patients had low DHEA-S levels, and 11 out of 60 (18.3%) patients had high UFC levels (Fig. 1) . A significantly greater number of bilateral incidentaloma patients were diagnosed with SCS compared with unilateral incidentaloma patients (26/74, 35.1 vs 40/224, 17.9%, PZ0.003) ( Table 1) .
Patients with and without SCS
Patients with SCS did not differ in clinical characteristics and the frequency of hypertension, type 2 diabetes mellitus, and IGT from patients with normal adrenal function, but they had larger adrenal masses (3.4G0.8 vs 2.2G1.0 cm, P!0.001), an increased frequency of dyslipidemia (PZ0.032), lower plasma ACTH (9.6G5.8 vs 21.7G9.5 pg/ml, P!0.001) and DHEA-S levels (495G297 vs 926G626 mg/dl, P!0.001), and higher UFC (66.3G33.3 vs 52.3G31.8 mg/24 h, PZ0.004) and midnight serum cortisol levels (6G2.5 vs 3.9G2.4, P!0.001), in addition to post-LDDST cortisol levels, which differed by definition between subgroups (Table 2 ).
Subgroup analysis " SCS patients with bilateral and unilateral incidentalomas SCS patients with BAI (nZ26) did not differ in clinical characteristics, mass size (the maximal diameter of the largest mass), and hormonal evaluation from SCS patients with UAI (nZ40) ( Table 2 ). There was a trend for an increased frequency of type 2 diabetes mellitus in SCS patients with BAI (PZ0.054), while hypertension, IGT, and dyslipidemia were of a similar frequency in both SCS subgroups (Table 3) .
UAI patients with and without SCS " Patients with UAI and SCS (nZ40) did not differ in clinical characteristics but had larger adrenal masses than patients with unilateral incidentalomas and normal adrenal function (nZ184) (3.4G0.9 vs 2.2G1.0 cm, P!0.001 respectively). Except for post-LDDST cortisol levels, which differed by definition between subgroups, patients with and without SCS had lower ACTH (10.1G5.6 vs 22.0G9.8 pg/ml, P!0.001) and DHEA-S levels (47.3G32.8 vs 91.2G61.0 mg/dl, P!0.001), and higher UFC (62.7G30.7 vs 50.2G30.5 mg/24 h, P!0.05) and midnight serum cortisol levels (6.2G2.46 (Table 3) .
BAI patients with and without SCS " Patients with BAI and SCS (nZ26) did not differ in clinical characteristics but had larger adrenal masses (the maximal diameter of the largest mass) than patients with bilateral incidentalomas and normal adrenal function (nZ48) (3.4G0.7 vs 2.1G0.8 cm, P!0.001 respectively). Except for post-LDDST cortisol levels, which differed by definition between subgroups, patients with BAI and SCS had lower ACTH (8.9G6.1 vs 20.6G8.3 pg/ml, P!0.001) and DHEA-S levels (52.7G24.5 vs 96.7G69.0 mg/dl, P!0.001), and higher midnight serum cortisol levels (5.8G2.65 vs 4.26G2.7 mg/dl, P!0.05) than patients with bilateral incidentalomas and normal adrenal function. Hypertension, type 2 diabetes mellitus, IGT, and dyslipidemia were of a similar frequency in both subgroups (Table 3) .
Logistic regression analysis " Univariate regression analysis showed that the probability of SCS correlated positively with the mass size and the presence of BAI, findings that persisted after multivariate adjustment for age, BMI, and waist circumference. In addition, univariate regression analysis showed that the presence of bilateral incidentalomas was not related to dyslipidemia, hypertension, and type 2 diabetes mellitus.
Discussion
In this prospective study, 224 patients with UAI and 74 patients with BAI without overt endocrine disease, presumed to be adrenal cortical adenomas, were evaluated for the presence of subclinical cortisol hypersecretion and potential clinical implications, to investigate any existing differences. A significantly higher prevalence of SCS was detected in patients with BAI, whereas the frequency of obesity and central adiposity as well as morbidities that could be considered as adverse effects of subtle cortisol hypersecretion did not differ between SCS patients with BAI and UAI. Moreover, the probability for SCS in the whole cohort correlated positively with the mass size and the presence of BAI. The possibility of a difference in subtle cortisol hypersecretion and potentially related morbidities Percentage of SCS patients with positive tests according to the used diagnostic criteria.
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Clinical Study E Vassilatou and others Hypercortisolism in bilateral adrenal adenomas 171:1between patients with BAI and UAI was investigated in detail for the first time in a study in 2006, aiming to examine whether N363S and ER22/23K variants of the glucocorticoid receptor gene could be associated with the development of adrenal incidentalomas (13) . Till then, in spite of the large number of studies of patients with adrenal incidentalomas, no specific and focused analysis of this subgroup of patients has been carried out. That study showed a significantly higher carrier frequency for the N363S variant and an increased frequency of type 2 diabetes in BAI patients compared with UAI patients, without any difference in hormonal abnormalities compatible with subtle cortisol hypersecretion, between the two groups (13) . However, the frequency of SCS was not specifically addressed. Since 2006, four studies (15, 16, 17, 18) have investigated the possibility of a different prevalence of SCS and potentially related morbidities between patients with BAI and UAI with controversial results (Table 4 ).
In our study, the prevalence of SCS was significantly higher in patients with BAI, and this was in agreement with the studies by Vassiliadi et al. (15) and Olsen et al. (17) and at variance with the studies by Androulakis et al. (16) and Morelli et al. (18) that detected no difference. This variation could be partly attributed to different biochemical criteria used for the diagnosis of SCS (as shown in Table 4 ), given that there is still no consensus for the optimal laboratory evaluation for its diagnosis.
In agreement with our previous work (10), patients with SCS had larger adrenal masses. This finding persisted when patients with UAI were analyzed separately from patients with BAI, as described previously (17, 18) . In another study, the size of adrenal mass was positively related to hormonal abnormalities compatible with subtle cortisol hypersecretion (namely, positively related to serum post-LDDST cortisol levels and negatively related to ACTH and DHEA-S levels) in the whole cohort (15) . We also found that the probability of SCS in the whole cohort of patients correlates positively with the adrenal mass size, in agreement with previous data (17) . All these data support the importance of the size of the adrenal mass/masses when evaluating patients for the presence of subtle cortisol hypersecretion. We think that the fact that the adrenal mass size in patients with UAI was comparable with the size of the largest mass in those with bilateral incidentalomas in our study permitted a more precise assessment of the effect of adrenal mass bilaterality on subtle cortisol hypersecretion. This is based on the hypothesis that, in most cases with bilateral incidentalomas and subtle cortisol hypersecretion, one adrenal mass -the larger one -is hypersecreting. This hypothesis is supported by a catheterization study where unilateral cortisol hypersecretion was documented in five out of seven patients with bilateral incidentalomas and SCS, and in four out of these five patients, the larger adrenal mass was concerned (23) .
Patients with typical imaging findings of ACTHindependent macronodular adrenal hyperplasia were excluded from the study, because this rare entity that causes Cushing's syndrome may occasionally present with subclinical cortisol hypersecretion (24) . However, the possibility of ACTH-independent macronodular adrenal hyperplasia cannot be completely ruled out based on imaging findings, as histological diagnosis has been reported in patients with discrete adrenal lesions (23) . It has to be noted that Morelli et al. (18) found no difference in the frequency of SCS between patients with BAI and UAI, in spite of the fact that the majority (30 out of 38) of patients with BAI had macronodular adrenal hyperplasia.
The prevalence in patients with BAI (24.8%) in our study was similar to the one (17.8-24.2%) reported in studies that have addressed this issue (15, 16, 17, 18) , although higher than the reported 7.8-10.0% prevalence in large cohorts (4, 9) , probably due to referral bias.
In our cohort of patients, the prevalence of SCS was significantly higher in patients with BAI, a finding possibly related to different pathophysiologies. This hypothesis is supported by the fact that BAI are encountered more often than expected from the coincidence of a single adenoma in both adrenals (13) . However, there are very few data suggesting possible pathogenetic differences between UAI and BAI (13, 14) , although the pathogenesis of sporadic adrenal tumors is under research, and molecular studies on genetic changes and gene expression alterations are advancing knowledge in this field (25) .
In this study, the frequency of obesity and morbidities that could be considered as adverse effects of subtle cortisol hypersecretion (i.e. hypertension, type 2 diabetes, and dyslipidemia) did not differ between patients with BAI (26) . Cortisol secretion in patients with adrenal incidentalomas presents a wide range of variability from normal secretion to autonomous cortisol hypersecretion, and intermittent subclinical autonomous cortisol hypersecretion has also been shown in some patients during follow-up (10, 27, 28) . In this setting, it can be explained why no clear-cut difference in the frequency of potentially related morbidities to subtle cortisol hypersecretion has been shown between clinically silent adrenal incidentaloma patients with and without SCS (6, 11) . In addition, patients with intermittent cortisol secretion may present with adverse effects; however, they can have normal adrenal function at a single evaluation. This is a plausible explanation for the improvement in arterial hypertension, type 2 diabetes, and insulin sensitivity after adrenalectomy, reported in adrenal incidentaloma patients with (7, 8, 29, 30, 31, 32) and without SCS (8, 31, 32) . This might also be the case for transient adrenal insufficiency after adrenalectomy, considered as an indirect proof of cortisol hypersecretion, described in patients with and without SCS (8, 32) . It should also be noted that morbidities considered as adverse effects of subtle cortisol hypersecretion are not specific for cortisol excess and have an increased prevalence in the general population, especially over the sixth decade of life, when adrenal incidentalomas are more frequently detected. A limitation of this study is its cross-sectional design. Follow-up data would permit a better assessment of subtle cortisol hypersecretion in relation to the presence of bilateral adrenal adenomas. Another limitation of this study is the change of assays for ACTH and DHEA-S measurements during the 11-year-period of the study, contributing to the variability of results.
In conclusion, our data show that SCS is more prevalent in BAI patients when compared with UAI patients, although morbidities potentially related to this disorder are of a similar frequency in the two groups of patients. Further studies are needed to clarify whether this difference in hormonal activity may be related to different pathophysiologies.
Declaration of interest
